Objective: The objective of this work was to elucidate aspects of organizational culture associated with hospital performance in perioperative antibiotic prophylaxis using quantitative data in a multicenter and multidimensional study. Design: Cross-sectional retrospective study using a survey data and administrative data. Setting: Eighty-three acute hospitals in Japan. Participants: A total of 4856 respondents in the organizational culture study, and 23 172 patients for the quality indicator analysis. Main Outcome Measure: Multilevel models of various cultural dimensions were used to analyze the association between hospital organizational culture and guideline adherence. The dependent variable was adherence or non-adherence to Japanese and CDC guidelines at the patient level and main independent variable was hospital groups categorized according to organizational culture score. Other control variables included hospital characteristics such as ownership, bed capacity, region and urbanization level of location. Results: The multilevel analysis showed that hospitals with a high score in organizational culture were more likely to adhere to the Japanese and CDC guidelines when compared with lower scoring hospitals. In particular, the hospital group with high scores in the 'collaboration' and 'professional growth' dimensions had three times the odds for Japanese guideline adherence in comparison with low-scoring hospitals. Conclusions: Our study revealed that various aspects of organizational culture were associated with adherence to guidelines for perioperative antibiotic use. Hospital managers aiming to improve quality of care may benefit from improving hospital organizational culture.
Introduction recommended procedures. Of these, indicators that evaluate antibiotic use are particularly important for investigating the overall quality of care in hospitals, as they concern a shared interdisciplinary theme among the various hospital departments.
Surgical site infections (SSIs) have been reported to account for 30% of hospital-acquired infections in the USA, resulting in additional costs of ∼16 billion dollars due to protracted lengths of stay and increased readmission rates [3] . As a result, the 'Guideline for the Prevention of Surgical Site Infection, 1999' was published with the objective of systematically controlling SSIs [4] . In addition to hand hygiene and management of infected surgical personnel, the guideline established standards of perioperative prophylactic antibiotic use for surgeries. In 2013, an updated version of the Clinical Practice Guidelines for Antimicrobial Prophylaxis in Surgery was published [5] .
There is a lack of standardization in the use of perioperative antibiotics in Japan, with frequent overutilization in both quantity and medication duration [6, 7] . Perioperative antibiotic prophylaxes extending over 24 h from the day of surgery have been shown to be no more effective in the prevention of SSIs when compared with antibiotic prophylaxes that conclude within 24 h [8] . Furthermore, the prolonged use of antibiotics can have adverse effects, including direct effects (such as increased drug costs) and indirect effects (such as side effects, drug allergies and the cultivation of drug-resistant bacteria) [9] . The appropriate control of perioperative antibiotic prophylaxis is therefore an important health-care issue from the perspectives of providers, payers and policymakers.
It has been previously suggested that organizational culture is one of the factors influencing quality of care, health-care provider appraisals and patient satisfaction [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The often-quoted definition of organizational culture is 'the invisible force behind the tangibles and observables in any organization, a social energy that moves people to act. Culture is to an organization what personality is to the individual-a hidden, yet unifying theme that provides meaning direction, and mobilization [21] '.
In a review article published in 2003, Scott et al. [10] reported that organizational culture may affect health-care performance, but that this relationship lacks conclusive evidence. After 2003, several studies addressed the relationship between organizational culture and healthcare performance, including the relationships between team work and patient satisfaction [12] , organizational culture and organizational commitment [13] , organizational culture and climate and attitude toward evidence-based practice [14] , organizational justice and turnover intention [15] and others [16] [17] [18] [19] . A report documenting the organizational culture in NHS acute care hospitals and their ratings addressed hospital culture as a whole [20] . These previous studies suggest a relationship between organizational culture and quality of care, but the majority of these analyses utilized a qualitative approach and were conducted on a relatively small number of sample hospitals. Furthermore, the majority of the studies were conducted in the USA and Europe. Although organizational culture is likely to be heavily influenced by national or social factors, there has yet to be a study of its relationship with the quality of care in Japan. Additionally, there is a need to conduct a quantitative analysis of this relationship using a larger sample size in order to provide more conclusive evidence.
The objective of our study was to elucidate the aspects of organizational culture associated with hospital performance in perioperative antibiotic prophylaxis using quantitative data in a multicenter and multidimensional study.
Methods

Organizational culture
To evaluate organizational culture, we conducted a questionnaire survey to employees of 92 hospitals that had agreed to participate in the study between December 2010 and February 2011. All participant hospitals were members of the Quality Indicator/Improvement Project (QIP), an initiative designed to monitor and improve clinical performances in acute care hospitals in Japan through the analysis of administrative claims data. QIP member hospitals voluntarily provide data for analysis, and research findings are periodically reported in feedback to these hospitals.
The survey was developed and validated by Kobuse et al. [22] Briefly, that study assessed construct validity, internal consistency, criterion validity and discriminative power of the questionnaire using exploratory factor analysis, multitrait scaling analysis, Cronbach's α coefficient and regression analysis of staff-perceived achievement of safety; the findings indicated excellent validity and reliability of the questionnaire. This survey was based on a theoretical framework composed of the following eight cultural dimensions: 'collaboration', 'information sharing', 'morale', 'professional growth', 'common values', 'resource allocation prioritization', 'responsibility and authority' and 'improvement orientation'. The questionnaire comprised 25 items, which employed a Likert-type rating scale divided into five levels; the results of the questionnaire were converted into a dimensional score ranging from 0 to 100 at the respondent and hospital levels. In addition, we concurrently performed a job satisfaction survey composed of seven items, and the score was similarly converted into an additional dimension of organizational culture designated 'job satisfaction'. Examples of the questionnaire items are presented in Table 1 . Seventy-five copies of the questionnaire were sent to each of the participant hospitals and allocated accordingly: 10 for management staff, 30 for physicians, 20 for nurses, 10 for paramedical staff and 5 for administrative staff. The numbers of questionnaires provided to each occupation subgroup were determined to reflect the general personnel composition of Japanese hospitals while taking into account the different degrees of influence on quality improvement and guideline adherence. As physicians would generally have a stronger influence on decision making for quality improvement, we intentionally increased the number of questionnaires for physicians (taking into account the predicted lower response rates in physicians) to provide a similar number of responses in both physicians and nurses. The respondents were not given any incentives to complete the survey, and all participation was voluntary. In-hospital distribution of the questionnaires to each occupation subgroup was conducted by a hospital employee, and responses were returned by post using preaddressed, postage-paid envelopes that we provided.
Quality indicators for perioperative antibiotic prophylaxis
Quality indicators were calculated using diagnosis procedure combination (DPC) administrative data that were collected from QIP participant hospitals. The DPC system is a hospital reimbursement system that uses diagnosis-related group-like patient classification, and all claims data are produced in a standardized format by hospitals reimbursed under this system. The target quality indicators selected for analysis were the 'average duration of perioperative antibiotic prophylaxis by surgical contamination class' and the 'proportion of adherence to guidelines for perioperative antibiotic prophylaxis'. Because of data limitations, the duration of perioperative antibiotic prophylaxis was calculated in days. The indicators were aggregated from the following 11 surgery types: (i) chronic subdural hematoma, (ii) artificial hip joint replacement, (iii) mastectomy, (iv) thyroid surgery, (v) gastrectomy, (vi) laparoscopic cholecystectomy, (vii) prostate cancer, (viii) hysterectomy, (ix) uterine cancer, (x) ovarian cystoma and (xi) ovarian cancer. These surgeries were divided into clean surgeries (i-iv) and cleancontaminated surgeries (v-xi) and the indicators were calculated for both groups. These classifications were similar to the classifications of surgeries in the perioperative antibiotic use guidelines [4, 22] . In the proportion of adherence to guidelines for perioperative antibiotic prophylaxis, the overall rate was calculated by adding all numerators and denominators among the different surgeries for each hospital.
The study sample used for the calculation of the indicators consisted of inpatients that had been discharged from QIP participant hospitals between April 2010 and March 2011 and had undergone any of the target surgeries described above. The duration of antibiotic use was calculated in days, beginning from the day of surgery to the day that antibiotic administration was discontinued. Cases that had been administered antibiotics before the day of surgery or whose dosage duration exceeded the hospital average plus 3 days were excluded because these cases were suspected as having an infection. As any subsequent antibiotic use in infected patients would no longer be for the purpose of prophylaxis, these cases were excluded from analysis. Cases from hospitals with fewer than 10 target cases during the study period were also excluded from analysis.
In this study, the indicators were developed using both the CDC guidelines and Japanese domestic guidelines [4, 23] . The Japanese guidelines were established and published by the Japanese Association for Infectious Diseases and the Japanese Society of Chemotherapy in 2005. In the Japanese guidelines, the recommended standard dosage durations for perioperative antibiotic prophylaxis are 2 days for clean surgeries and 4 days for clean-contaminated surgeries. In the CDC guidelines, however, the recommended standard is 1 day for either type of surgery. Therefore, the standards of the Japanese guidelines are easier to achieve than the CDC guidelines.
Statistical analysis
Hospitals were included in statistical analysis if data from both the organizational culture survey and at least one quality indicator were available.
First, we performed Spearman's rank correlation analysis between each dimension of organizational culture and the quality indicator of average duration of perioperative antibiotic prophylaxis in order to verify a continuous relationship between the two. Next, we constructed multilevel logistic models [24] to analyze the association of each dimension of organizational culture with adherence to Japanese guidelines or CDC guidelines for perioperative antibiotic prophylaxis. The multilevel models included cases from all surgery types irrespective of surgical wound contamination class. We selected the multilevel model approach because it can account for the correlations among respondents from the same hospital, thereby making it suitable for multicenter patient-level data [24] .
Multilevel analyses were performed for each of the nine dimensions of organizational culture as the main independent variable. Models were developed for the following dependent variables: (i) adherence to Japanese guidelines at the patient level and (ii) adherence to CDC guidelines at the patient level. The independent variables included patient-level error term at the first level and hospital characteristics at the second level. For variables related to hospital characteristics, hospital categories based on the organizational culture score were used as the main independent variable. Hospitals were divided into three groups according to the tertiles of their scores of organizational culture for each dimension. These groups were designated high, medium and low scores. Control variables, which hospitals are generally unable to regulate, included the following hospital-level variables: ownership (municipal, public or private), bed capacity (≥300 beds or <300 beds), region (one of six geographic regions) and urbanization level of location (major city or non-major city); patient-level variables included age and sex.
In addition to the main multilevel model analysis described above, we developed two additional model configurations for the purpose of validation. Additional Model 1 was a univariable model and included only the main independent variable. Additional Model 2 included hospital-and patient-level control variables in addition to the main independent variable. In theory, patient characteristics would not be expected to substantially influence perioperative antibiotic prophylaxis and the duration of medication. However, patient characteristics in reality may have influence on the duration of prophylaxis, and we therefore employed the model. All statistical analyses were conducted using SAS 9.3 (SAS Institute, Inc., NC, USA). Statistical significance was set at P ≤ 0.05.
Results
Of the 93 hospitals that participated in the organizational culture survey, 83 had responses for at least one quality indicator. The organizational culture survey included 4856 respondents from 83 hospitals, with a response rate of 78.0%. The analysis for the quality indicators included 23 172 cases admitted to the same 83 hospitals.
Hospital characteristics of the study sample are presented in Table 2 . Private hospitals were the most common ownership type at Culture and antibiotics use • Quality of Care 35 hospitals, followed by 29 public hospitals and 19 municipal hospitals. The hospitals were situated throughout Japan, and 62 (74.7%) were located in a non-major city area. Table 3 shows the characteristics of the organizational culture survey respondents and the patients analyzed in the quality indicator analysis. The most numerous respondents in the organizational culture survey were nurses (1570 respondents, 32.5%), followed by physicians (1521 respondents, 31.5%). The sample sizes according to surgical contamination class were 6848 (29.6%) in clean surgeries and 16 324 (70.4%) in clean-contaminated surgeries. Laparoscopic cholecystectomy was the most frequent surgical type, and thyroid surgery was the least. The overall proportion of adherence to the Japanese guidelines was 84.9%, whereas adherence to the CDC guidelines was substantially lower at 35.4%. Table 4 shows the description and correlations of organizational culture dimensions and duration of antibiotic prophylaxis. The mean organizational culture score of each dimension ranged from 51.2 to 76.8. In the quality indicator analysis, the overall average duration of perioperative antibiotic prophylaxis was 2.4 days in clean surgeries and 2.6 days in clean-contaminated surgeries. In the Spearman's rank correlation analysis, collaboration, professional growth and job satisfaction showed statistically significant negative correlations with durations of antibiotic prophylaxis in both clean and clean-contaminated surgeries. Antibiotic prophylaxis in cleancontaminated surgeries had considerably more significant associations with organizational culture dimensions; all dimensions except for responsibility and authority and improvement orientation demonstrated statistically significant associations.
In multilevel modeling analyses for adherence to the Japanese guidelines, all organizational culture dimensions excluding job satisfaction showed significant associations with guideline adherence. These results are presented in Table 5 . The analysis showed that, in all three models, hospitals with high organizational culture dimensional scores were associated with better adherence to the guidelines than hospitals with lower scores. This suggests that patients admitted to hospitals with a high score in organizational culture were more likely to be administered perioperative antibiotics appropriately than hospitals with lower scores. In particular, the hospital group with high scores in the collaboration and professional growth dimensions had three times the odds for guideline adherence in comparison to low-scoring hospitals. In contrast, the job satisfaction dimension did not show significant associations with organizational culture scores. There were small changes in the values of some of the coefficients between the main multilevel model and the additional models, but no notable differences were observed.
In analyses for the proportion of adherence to the CDC guidelines, all organizational culture dimensions excluding professional growth showed statistically significant associations with guideline adherence. Similar to the model for adherence to the Japanese guidelines, hospitals with high organizational cultural dimensional scores showed higher proportions of adherence than low-scoring hospitals. 'Common values', 'resource allocation' and responsibility and authority showed higher odds ratios in comparison to the Japanese guidelines model. In addition, job satisfaction showed significantly higher odds for hospitals with high organizational culture dimensional scores for adherence to the CDC guidelines.
Discussion
In this study, we examined the relationships between various dimensions of hospital organizational culture and quality indicators on perioperative antibiotic prophylaxis. Our findings show that hospitals with high organizational culture scores were associated with higher adherence to both the CDC and Japanese guidelines for most organizational culture dimensions. To our knowledge, this is the first study to provide strong evidence toward the relationship between organizational culture and health-care performance based on a multicenter and multidimensional study. We hypothesize that the following three factors may influence the relationship between organizational culture and guideline adherence: characteristics of guidelines, the direct relationship between organizational culture and care and the indirect relationship between organizational culture and care.
First, adherence to guidelines regarding the use of prophylactic antibiotics may be susceptible to influence from organizational culture. A feature of these guidelines is that they concern a crossdepartmental issue, and do not directly nor immediately affect the well-being of the patients. Clinicians may therefore take a shorter term view of the issue rather than consider the ramifications of longterm antibiotic use [9] . The culture of a working environment can help members deal with uncertainty by defining important issues [25] , which may be the case in prophylactic antibiotic use.
Second, organizational culture may affect prophylactic antibiotic use directly. The results of our analysis do not show a causal relationship between organizational culture and guideline adherence, but instead indicate a correlative relationship between the two. It is, however, difficult to assume that adherence to guidelines would result in better organizational culture, and the direction of causation was therefore thought to run from organization culture to improved guideline adherence. A strong culture of collaboration and information sharing can lead to surgeons being able to obtain ample information on SSIs and associated guidelines from infectious disease specialists or pharmacists. Professional groups sharing a higher common understanding of norms have been shown to be associated with improved work-unit effectiveness than groups with less agreement about norms [26] . Additionally, a healthy organizational culture may encourage peer review of various medical decisions.
Third, organizational culture may also indirectly affect prophylactic antibiotic use, and it is possible that the relationship between organizational culture and quality of care contains spurious correlations. Remesh et al. [27] state that physicians may not always use antibiotics appropriately despite having adequate information about recommended usage. In addition to organizational culture, quality of care may also be influenced by management-related elements such as executive management, organizational design, information management and technology and incentive structures [28] . A strong organizational culture may therefore be induced by strong leadership, IT systems that promote organizational culture, or other factors that encourage higher quality of care. In a previous review article, factors affecting patient health-care outcomes also included structural characteristics, information technology systems and decision support, service activity and planning and workforce design [11] . Our findings that various dimensions of organizational culture demonstrate a positive association with higher adherence to guidelines support this concept.
The organizational culture dimensions that showed a stronger association with adherence to CDC guidelines than to the Japanese guidelines were common values, resource allocation and responsibility and authority. These cultural dimensions are generally institutionallevel characteristics, rather than individual-or team-level, and are possibly elements that are important for organizations seeking to set the highest standards of care. In addition, job satisfaction showed statistically positive associations with CDC guideline adherence, although it did not show any association with adherence to the Japanese guidelines. An analysis of Japanese hospitals in 2009 reported no significant association between quality of care and physician job satisfaction, and the authors of that study suggest that this may be because Japanese physicians place a high priority on fulfilling their job responsibilities regardless of personal dissatisfaction or stress due to working conditions [29] . Hospitals that choose to follow the more stringent CDC guidelines (which are not required in Japan) may be providing a better overall working environment, and this may explain our observed association between job satisfaction and the CDC guidelines. These hospitals may proactively apply information and technology for improving quality of care, such as the use of highly integrated electronic medical record systems. In addition, these hospitals may also tend to employ highly motivated physicians, have clearer missions and utilize more efficient management systems. It is possible that these factors contribute to a higher level of job satisfaction in CDC guideline-compliant hospitals.
However, there is no established method at present to reform or improve organizational culture [30] . Scott et al. have reported that factors leading to successful organizational culture change include structural, process and contextual dimensions [31] . Additionally, the NHS has successfully implemented changes to health-care organizational culture through policy changes [20, 32] , indicating that policy initiatives that affect the whole industry may also be important in improving hospital organizational culture.
Our study has several limitations. First, the actual occupational composition of the sample population may vary among the hospitals, as the distribution of the questionnaires was conducted by a staff member in each hospital. This may introduce a degree of selection bias in which the results are influenced by the hospital employees in charge of distribution. Also, the proportions of the sample do not directly reflect the general personnel composition of Japanese hospitals, but instead also take into account the different degrees of influence on decision making and compliance to guidelines. Therefore, these findings may not be representative of hospitals throughout Japan. Second, because the sample population comprised QIP hospitals that have voluntarily participated in a quality improvement project, there are limitations to the external validity of the findings. Hence, our results may be more indicative of hospitals that work proactively to improve quality of care. Third, the quality indicators used in this study were process indicators, not outcome indicators. In an analysis of SSIs, infection incidence or length of stay may be preferable as indicators, but these outcomes could not be analyzed due to limitations of the data source. However, with further improvements to the administrative data infrastructure, such analyses may be possible in future research.
In conclusion, our study identified the associations of several hospital organizational culture dimensions with adherence to perioperative antibiotic prophylaxis guidelines using a multicenter and multidimensional study. The findings suggest that hospital performance in guideline adherence was influenced by various aspects of organizational culture. Moreover, the study indicated that organizational-level culture dimensions were important for achieving the more stringent goals of the CDC guidelines than those of the Japanese guidelines. Hospital managers aiming to improve quality of care may benefit from making improvements to hospital organizational culture.
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